Vibrio parahaemolyticus is a ubiquitous gram-negative enteropathogenic bacterium. In order to evaluate the risk of stress-adapted V. parahaemolyticus cells in food, we investigated the suvivability of starvation-and starvation-low salinity-adapted cells of this pathogen in different media against different stresses. Logarithmically grown bacterial cells were starved at 25 C in a minimal salt medium with 0.5 or 3.0% NaCl for 24 h. Resistances against challenges of heat, acid and freeze-thaw treatment exhibited by the starvation-adapted cells were similar to those exhibited by the starvation-low salinity-adapted cells but substantially higher than those of the unadapted control cells. The increased stress resistance of the adapted cells against freeze-thaw challenge was lower in tryptic soy broth than in the starving medium. Resistance of the adapted bacteria against heat and freeze-thaw treatment was completely eliminated in filter-sterilized oyster homogenate medium. Practically, these results help to asses the risk of stress-adapted V.
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Vibrio parahaemolyticus is a gram-negative bacterium, which frequently associates with marine organisms or exists freely in seawater. It is the most frequently occurring food-borne enteric pathogen in Japan, Taiwan and other coastal countries (11) . Most clinical strains of V. parahaemolyticus produce a major virulence factor, the thermostable direct hemolysin (TDH), and are designated as Kanagawa phenomenon positive (KP+) (14) .
Adaptation to stress has been investigated in several Vibrio species. Starved 3 cells of V. anguillarum express remarkable cross-protection against oxidative and ethanol stress and only a small degree of resistance against heat shock (8).
Koga and Takumi reported that glucose-starved cells of V. parahaemolyticus
show greater tolerance of heat, oxidative and low osmotic challenges (13 mM NaCl) (7) . Mild acid adaptation also promotes cross-protection against thermal inactivation in V. parahaemolyticus (15) . In most studies a single stress-adaptation such as starvation is investigated.
Starvation-adapted bacterial cells should have higher survivability during food processing than their non-starved counterparts. The enhanced survivability of these starved cells in food will certainly increase their threat to human health (5). However, under practical food processing conditions, bacteria usually encounter a combination of stresses, rather than a sole starvation stress. Rinsing seafood with fresh water is a common practice, whereas part of the halophilic vibrios associated with seafood will become dislodged and will subsequently undergo starvation in water with reduced salinity. Survival of stress-adapted bacteria in various food menstrua has not been comprehensively studied. In order to estimate the risk of stress-adapted V. parahaemolyticus cells in food, we compare the survival of the starvation-adapted cells in starving, rich and oyster homogenate medium against different stress challenges. deionized water to prevent the carry-over of nutrients (9) . Bacterial cells were resuspended in MMS-3.0 %NaCl to give a final concentration of 10 7 CFU/ml.
MATERIALS AND METHODS

Cultures
Freshly prepared cells were used as control, while the starvation-or starvation-low salinity-adapted cells were prepared by suspending the bacterial cells in MMS-3.0% NaCl or MMS-0.5% NaCl medium, respectively, with density adjusted to 10 7 CFU/ml determined by absorbance at 600nm and with a calibration curve determined by plate count method, and incubated at 25 C in a static state for 24 h.
Resistance to environmental stresses. A portion of 50, 50 or 15 ml of the stress-adapted or control cells were harvested by centrifugation at 6,000xg for 15 min and resuspended in MMS-3% NaCl, TSB-3% NaCl or oyster homogenate medium , respectively, before they were subjected to various environmental stresses, heat, acid and freeze-thaw treatment. The oyster homogenate medium (oyster medium) was prepared by homogenizing equal amounts of shucked oyster and sterile phosphate-buffered saline in a blender at high speed for two minutes, filtering through sterile cheesecloth and centrifuging at 3,500xg for 20 min; the supernatant was subsequently sterilized by filtration through 0.45 and 0.2µm filters and stored at 4 C until it was used.
To apply heat stress, 5 ml of the resuspended cultures were shifted to 45 C 5 water-bath in a pre-warmed test tube and shaken at 150 rpm for 10 to 60 min (7).
To generate acid stress, 100 ml of the starved or control bacterial cells were pelleted by centrifugation and resuspended in equal volume of MMS-3% NaCl or MMS-0.5% NaCl medium acidified to pH 4.0 by adding 12N HCl. To apply freeze-thaw stress, 5 ml of bacterial cells were placed in a pre-chilled tube and frozen at -20 C for 30 min, before being thawed in a 25 C-water bath for 5 min;
this freeze-thaw cycle was repeated one to six times.
The number of surviving cells at various intervals was determined using the standard plate counting method. Decimal dilutions were prepared in 0.1%
peptone-3% NaCl, and the diluted cultures were plated on TSA-3 % NaCl and incubated at 37 C overnight. Duplicate determinations were performed for each dilution. Survival % is expressed as CFU/ml at a given time, divided by the CFU/ml at time zero. All the experiments were repeated two to four times.
Statistical analysis. The susceptibilities of the starved and control groups to environmental stresses were examined by analysis of variance (ANOVA) with p<0.05, using the SPSS for Windows Release 6.0 program (SPSS Inc., Chicago, Ill.).
RESULTS AND DISCUSSION
V. parahaemolygticus is a vulnerable bacterium, which is readily inactivated by heating in different menstrua (2) . The V. parahaemolyticus cells in the exponential phase prior to starvation (control) were quickly inactivated by heating at 45 C; the survival ratio abruptly declined to around 10% after heating for 10 min (Fig. 1A, 1B) . The starvation-or starvation-low salinity-adapted V. parahaemolyticus cells exhibited similar survival ratios that were significantly greater than those of the control groups (Fig. 1A, 1B) .
V. parahaemolyticus is not an acid-tolerating bacterium; it is inactivated by 6 mild acid treatment (15) . In this study, about half of the cells in the exponential phase were inactivated by treating the cells at pH 4.0 for 10 to 20 min ( Fig. 2A,   2B ), while no significant decline in survival ratio was observed in the starvation-adapted ( Fig. 2A) or the starvation-low salinity-adapted cells (Fig.   2B ).
Low-temperature incubation (refrigerating and freezing) is a common practice for the storage of seafood. Storage at a chilling or freezing temperature significantly reduces the number of viable V. parahaemolyticus (4) . In this work, the survival ratio of the control groups fell to about 10% after six freeze-thaw cycles (Figs. 3A, 3B); however, approximately 90% of the starvation-adapted (Fig. 3A) or the starvation-low salinity-adapted cells (Fig. 3B ) remained culturable. The resistances to heat (Fig. 1) , acid ( Fig. 2) and freeze-thaw challenges ( Fig. 3 ) of starvation-adapted V. parahaemolyticus cells were similar to those of the starvation-low salinity-adapted cells, implying that low-salinity (0.5% NaCl) did not significantly affect stress tolerance during the starvation of this halophilic bacterium. Two reasons may explain this result. First, both starvation and low-salinity may stimulate similar cellular protective systems.
Starvation is known to stimulate the expression of stress and stationary phase sigma factor which regulates the expression of 50-60 genes that participate in protection against a range of stresses, including osmotic stress (12) . The factor  S is a global regulon and is also activated by osmotic stress (12) . Second, a salinity of 0.5% (about 86 mM) may not constitute a significant stress to V.
parahaemolyticus. Although this salinity limits the multiplication of V.
parahaemolyticus in minimal salt medium, as previously determined in our laboratory, it supports the growth of this bacterium in other substrates (2) .
Enhancing the stress-resistance of the starvation-adapted bacterial cells is 7 commonly performed in phosphate buffer (6), minimal salt media (10) or artificial seawater (13) . The survival of adapted cells in nutrient-rich food should be of practical concern in relation to food hygiene. Components of food normally provide protection for pathogenic bacteria challenged by stresses often applied in food processing (1) . In this work, starvation-low salinity-adapted cells of V. parahaemolyticus displayed a significantly higher survival ratio in rich TSB than in MMS medium in response to heat challenge for 40 min or more (Fig. 4A) . As in other studies, this finding may follow from the general protective effect of the constituents of TSB medium. The adapted cells in TSB exhibited a significantly lower survival ratio during the freeze-thaw treatment than those in MMS (Fig. 4B) . During the repetitive freeze-thaw process, the adapted cells may resume normal physiological condition with reduced heat resistance as compared to the original stress-adapted state in the TSB medium.
The oyster medium was deleterious and quickly reduced the survivability of the adapted cells. The survivability of the starved cells challenged by heat in oyster medium ( Fig. 4A ) was similar to that of the control group in starving medium (Fig. 1) . The survivability of the starved cells challenged by freeze-thaw treatment in oyster medium (Fig. 4B ) was even lower than that of the control group in the starving medium (Fig. 3) . Since the oyster medium was not heat-sterilized, the presence of humoral immunity factors, such as agglutinins, lysosomal enzymes, toxic oxygen intermediates and various antimicrobial peptides may be responsible for the reduction in survivability of the adapted cells (3).
In conclusion, the starvation-and the starvation-low salinity-adapted cells of 
